ABSTRACT All birds reproduce by internal fertilization, but only 3% of birds have external genitalia. Hormone secretions and body size influence genital growth, but the actual regulatory mechanism is rarely reported. Thus, using 35 geese as experimental material, the regulatory mechanism of goose external genitalia growth was explored by measuring body size parameters, serum hormone concentrations, and related gene expression. In this study, genital growth was different among tested geese, but histological and morphological results showed that all geese external genitalia contained complete tissues. Measurements of hormone levels showed that at puberty, as the genital length increased, irregular decreases were observed in the levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH), whereas an irregular increase was observed in the levels of testosterone (T); furthermore, the levels of testosterone (T) gradually increased to a peak at 34 weeks. Based on RT-PCR results, as the genital length increased, only the expression of 17α-hydroxylase/17, 20-lyase (CYP17) mRNA slightly decreased at first, and then significantly increased to a peak, whereas the expression patterns of other genes were irregular. Furthermore, the CYP17 immunohistochemistry results also showed a pattern that was highly consistent with the patterns of mRNA expression and T secretion. In addition, based on body measurements, as body weight increased, the genital length increased. Thus, these results suggested that the CYP17 gene plays a key role in goose genital growth.
INTRODUCTION
Male external genitalia play an indispensable role in the process of internal fertilization and therefore directly affect the sexual function and reproductive capacity of an organism (Herrera et al., 2013) . Genital development can be roughly divided into 3 stages (pregnancy, prepuberty, and puberty) based on time of development. Among these stages, the fastest growth stage of male external genitalia occurs during puberty (Blaschko et al., 2012) . During this stage, male external genitalia are remarkably influenced and regulated by many types of hormones, including follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone (T) (Laron and Sarel, 1970; Laron and Klinger, 1998; Boas et al., 2006) . The synthesis of hormones is regulated by many genes (Hasegawa et al., 2000) , but an accurate determination of the regulatory mechanism for the growth of male external genitalia is rarely reported.
In the past few yr, some studies show that the body weight and size also can affect the secretion of hor-C 2018 Poultry Science Association Inc. Received July 22, 2017. Accepted January 20, 2018. 1 Corresponding author: wjw2886166@163.com mones, such as androgen (Bates and Whitworth, 1982; Wild et al., 1983; Isidori et al., 1999) . Moreover, the secretion of androgen is significantly negatively correlated with body mass index. The accumulation of excess adipose in the body can explain this correlation, because androgen will be converted into estrogen, which suppresses androgen secretion through the hypophysial-gonadal axis (Zumoff et al., 1990) . As a result of this relation, the level of androgen is relatively low in obese people. Moreover, a previous study in chicken also showed that serum testosterone levels were negatively correlated with abdominal fat accumulation in male chickens (Duan et al., 2013) . However, whether body size also can influence the growth of male genitals has not been reported, to the best of our knowledge.
As with mammals, birds also adopted internal fertilization; notably, because of the de novo activation of cell death by Bmp4 gene in the genital tubercle, only 3% of birds (including geese) have external genitalia (Eberhard, 1985; Herrera et al., 2013) . Moreover, the morphological characteristics of mammal and bird external genitalia are also largely different (Moulton and MW, 1984; Weiss et al., 2012) . However, whether the growth of avian external genitalia is also influenced by hormone secretion and body size remains unknown. Moreover, even fewer studies have reported on which TGGAGTTGAAGGTGGTCTCG  FSH-R-F  GGACAACGATGTTCCCAGTGATAG  123  58  FSH-R-R  ATGTGCCTTGCTCACCTAAACCT  LH-R-F  GTAACACTGGAATAAGGGAAT  190  52  LH-R-R  GAAGGCTTGACTGTGGATA  3β-HSD-F  GACCTGGGGTTTGGAATTGAG  170  60  3β-HSD-R  TAGGAGAAGGTGAATGGGGTGT  Star-F  AGAATCTTGACCTCTTTGACGCTG  87  58  Star-R  GAGACGGTGGTGGATAACGGA  p450scc-F  AGGGAGAAGTTGGGTGTCTACGA  89  60  p450scc-R  CGTAGGGCTTGTTGCGGTAGT  p450c17-F  GCTCCCTCTGCTTCAACTCCT  179 genes are the dominant regulators of avian genital growth. Therefore, in this study, we conducted the morphological and histological analyses, measured body size parameters, serum hormone concentrations and related gene mRNA expression, and finally attempt to explore the key regulatory factor in goose genital growth.
MATERIALS AND METHODS

Measuring length of goose external genitalia and the body weight and size
Thirty-five healthy and sexually mature male Tianfu meat geese (Anser cygnoides) were used in this study. The measurement methods were as follows:
Length of goose external genitalia: With the goose kept upright on the ground and the external genitalia stretched, the external genitalia length was measured from the top of external genitalia to the anus with a ruler. Body weight: Geese fasted for 12 h and then were weighed with an empty stomach on an electronic scale (SB731, Shanghai Henghu Instrument Factory, Shanghai, China). Body slanting length: The distance from shoulder joint to the ischial tuberosity was measured using a tape. Chest depth: The first thoracic vertebra to the keel front distance was measured with a vernier caliper. Chest breadth: The surface distance between the 2 shoulder joints was measured with a vernier caliper. Keel length: The surface distance from keel front to the end was measured using a tape. Pelvis width: The distance between the 2 hip nodules was measured with a vernier caliper. Shank length: The distance from the shinbone joints to third and fourth toes was measured with a vernier caliper.
Shank girth: The circumference of the shins was measured using a tape. Semi-submerged length: The distance from the top of the beak to the middle of the hip line was measured using a tape. Neck length: The distance from the first cervical to the last was measured using a tape. Chest angle: The angle of the front end of the sternum was measured using a chest angle device.
Collecting blood and tissue samples
Blood, 2 mL, was collected from each goose at 30 W (postnatal 30 wk), 32 W (postnatal 32 wk), and 34 W (postnatal 34 wk) by drawing blood from a leg vein. These blood samples were immediately chilled on ice for separation of the serum. At 34 W, after fasting for 12 h, geese were euthanized by exsanguination under isoflurane anesthesia. After slaughter, testicles and external genitalia were collected, and some of these tissues were immediately frozen in liquid nitrogen and then stored at -80
• C for RNA extraction, with the other external genitalia and testicles immersed in 4% paraformaldehyde for histological sectioning and CYP17 immunohistochemistry, respectively. This study was conducted in strict accordance with the recommendations in the Guide from the Sichuan Agricultural University Animal Care and Use Committee, Sichuan Agricultural University, Sichuan, China, and all efforts were made to minimize suffering.
Sex hormone level measurements
The blood samples were centrifuged (3,000 rpm) for 10 min, and then the upper layers of the blood were collected. According to the manufacturer's instructions, the levels of FSH, LH, and T in blood serum were measured using enzyme-linked immunosorbent assay (ELISA) kits (Shanghai Yan Hui Company, China). 
RNA extraction and cDNA synthesis
Total RNA was extracted from testicles and external genitalia by Trizol (Takara, Japan) according to the manufacturer's instructions and then measured with a spectrophotometer (Bio-Rad smartspec plus, Hercules, CA, USA). RNA was reverse-transcribed to synthesize cDNA using a reverse transcript system (Takara, Japan) following the manufacturer's protocols. Realtime PCR (RT-PCR) was conducted with an SYBR Prime Script RT-PCR Kit (Takara, Japan) using the Bio-Rad CFX Manager (Bio-Rad Laboratories, Foster, CA, USA). One sample collected from testicles and external genitalia was replicated 3 times. The relative expression of target genes was normalized against that of the internal control gene, which was gooseβ-actin. Relative gene expression was analyzed by the comparative Ct method (2−ΔΔCt method) (Livak and Schmittgen, 2001 ). The primer sequences used for RT-PCR are shown in Table 1 . To determine the RT-PCR efficiency of target and internal control genes, 10-fold serial dilutions (10−1-10−5) of cDNA were prepared and assayed in triplicate to produce standard curves. The identity of the amplified products also was confirmed by sequencing (Applied Invitrogen, Shanghai, China).
Histological staining and immunohistochemistry
After fixing for 24 h, tissues were dehydrated, paraffin-embedded, sectioned at a thickness of 5 μm, and stained with hematoxylin and eosin (HE) for histological examination. Briefly, after endogenous peroxidase activity was quenched for 10 min in 0.3% H2O2, sections were saturated with normal goat sera for 20 min and then incubated with the primary antibody mouse anti-CYP17 (Boster Bio-engineering Limited Company, China) for 17 h at 4
• C (working dilution 1:100). After 3 successive washings in PBS, the sections were incubated with the secondary antibody biotinylated goat anti-mouse IgG and streptavidin-biotin peroxidase complex (Boster Bio-engineering Limited Company, Wuhan, China) for 20 min at 37
• C. Finally, the sections were visualized with diaminobenzene. The sections were observed with a fluorescence microscope (BDS200-FL, Chongqing Optec Instrument Co., Ltd, China). The relative areas of positive staining were evaluated with Image-Pro Plus software (Media Cybernetics, Bethesda, MD). For quantification analysis, each data point represents the positive fluorescence areas that were calculated based on the random chosen fields from the 3 individual goose sections in each group.
Statistical analyses of data
Some of the data, which include sex hormone level, the mRNA expression of testosterone synthesis-related genes, and protein expression of CYP17 in testicles, were subjected to analysis of variance (ANOVA), and the means were compared for significance with Tukey's tests (Yuan et al., 2008; Rieu and Powers, 2009 ). Some of the data in terms of body size parameters were evaluated using linear regression analysis. Coefficients of determination (R2) were used to describe strength of the correlations. For each regression slope, a t test was used to determine if a significant (P < 0.05) correlation existed between variables. All of the data were performed using the SAS statistical software package (SAS Institute, Cary, NC, USA). The results are expressed as the mean ± SE.
RESULTS
Morphological and histological analyses
Based on the length of external genitalia, the 35 male geese were divided into 4 groups. Accordingly, 7 geese were in group one (2 to 4 cm), 8 geese were in group two (4 to 5 cm), 12 geese were in group three (5 to 6 cm), and 8 geese were in group four (6 to 8 cm) (Figure 1  A1, B1, C1, D1) .
To explore the condition of external genitalia growth, morphological analysis was conducted. From this analysis, all the geese external genitalia contained complete lymphatic bodies and glands and also presented a spiral shape (Figure 1 A2, B2, C2, D2) . Additionally, histological analysis showed that also they contained complete keratinized epithelium, inner layer of collagen, outer layer of collagen, and lymphatic lumen (Figure 1 A3 , B3, C3, D3).
Sex hormone level measurements
To explore the relationship between goose genital growth and hormones, the levels of FSH, LH, and T in blood serum were measured. As genital length increased, the levels of FSH and LH both gradually decreased at 30 W and 32 W; while at 34 W, the levels of FSH and LH first slightly increased to a high level without significant difference, and then the level of FSH significantly decreased to a lowest level (P < 0.05), while the level of LH slightly decreased without significant difference (Figure 2 A, B) . In contrast with levels of FSH and LH, as the genital length increased, the levels of T first slightly decreased to a low level, and then gradually increased to a higher level (P < 0.05) at 30 W. At 32 W, the levels of T irregular increased from a lowest level to a highest level (P < 0.05), but there was no significant difference among groups one, two, and three. At 34 W, the levels of T gradually increased to the highest level (P < 0.05), but there was no significant difference among groups two, three, and four. (Figure 2 C) . Notably, the geese in group four (6 to 8 cm) had low levels of FSH and LH but had a high level of T (Figure 2 ).
Expression patterns of androgen receptor and testosterone synthesis-related genes
To further explore which gene was the dominant regulator of testosterone synthesis, the expression of testosterone synthesis-related genes was investigated. According to RT-PCR results, as the genital length increased, the mRNA expression of FSHR and LHR in the testicles decreased to a low level at first and then increased, whereas the expression pattern of the androgen receptor (AR) in external genitalia first increased to a high level and then slightly decreased, but showed no significant difference (Figure 3) . Although the mRNA expression of chain cleavage cytochrome P450 cholesterol side (P450scc) and steroids acute reaction protein (StAR) in the testicles increased irregularly as the genital length increased, no significant difference was found. Moreover, the expression of 17β hydroxysteroid dehydrogenase (17β-HSD) and 3β hydroxysteroid dehydrogenase (3β-HSD) in the testicles showed no obvious regular patterns as the genital length increased (Figure 3) . Notably, as the genital length increased, the mRNA expression of 17α-hydroxylase/17, 20-lyase (CYP17) first slightly decreased and then gradually increased to a peak in the testicles (P < 0.05; Figure 3 ).
CYP17 immunohistochemistry in testicles
To further confirm the relationship between the CYP17 gene and genital growth, the protein pattern of CYP17 in the testicles was investigated. This result showed that the CYP17 protein was located in leydig cells ( Figure 4A) . Interestingly, only a few CYP17 proteins were found in group one (2 to 4 cm); however, as the genital length increased, the protein expression of CYP17 significantly increased (Figure 4 A, B) .
Body weight and size measurements
To explore the relationships among genital growth, body weight, and size, all the body indices were measured. The result showed that as the genital length increased, the body weight, pelvis width, body slanting length, semi-submerged length, neck length, shank girth, chest breath, chest depth, keel length, and chest angle increased ( Figure 5 A-H), while semi-submerged length and shank length decrease ( Figure 5 I-J) . Notably, only body weight showed significant positive correlation (P < 0.05).
DISCUSSION
As one of the male genital measurement parameters, genital length is often used to assess reproductive ca- pacity (Eisenberg et al., 2011) . In past decades, variant genital length has been reported in many other avian species (Bruggers and JB, 1981; Moulton and MW, 1984; Herrera et al., 2015) . For example, the average length of an adult mandarin duck is 5.3 cm, whereas that of a laysan duck is 8.5 cm. These differences are found among different avian species but also among different individuals within the same species (McCracken, 2000) . In this study, 20% of geese belonged to group one, 23% of geese belonged to group two, 34% of geese belonged to group three, and 23% of geese belonged to group four. Thus, variant genital length was found among these geese.
In a previous study, some tissues of avian external genitalia were different compared with those of mammals for organizational structures (Atalar and Ceribasi, 2006; Weiss et al., 2012; Cunha et al., 2014) . For example, only 2 lymphatic bodies instead of penis sponge are found in avian external genitalia (Brennan et al., 2010) . In this study, the external genitalia of all the geese contained the complete lymphatic bodies and glands. Thus, these findings suggested that although these geese had external genitalia of different lengths, they all had well-developed external genitalia. Previous studies show that mammal genital development is a hormone-dependent process, particularly at puberty (Boas et al., 2006; Blaschko et al., 2012) . It is well known that at puberty, as the age increases, the levels of FSH, LH, and T increase in normal boys (August et al., 1972; Sizonenko, 1978) . In this study, only T showed a highly consistent pattern with previous reports in the human, while FSH and LH showed irregular increases with the increase of age. Strikingly, our result also showed that as the genital length increased, the levels of FSH and LH irregularly decreased, whereas the levels of T gradually increased to a peak. This result suggested that the level of T highly affected the growth of goose genitals at puberty.
Previous studies showed that male external genitalia were regulated by many types of hormones, such as FSH, LH, and T-especially for T (Coco et al., 1992; Boas et al., 2006) . Testosterone synthesis is a complex and highly ordered process and is primarily regulated by some steroid-related genes, such as StAR, P450scc, CYP17, 17β-HSD, and 3β-HSD (Payne and Youngblood, 1995; Twesten et al., 2000; Miller, 2009) . Moreover, any deficiency in one of these genes will lead to obstruction of testosterone synthesis (Hasegawa et al., 2000) . In the present study, with the increase in genital length, only the expression of CYP17 mRNA gradually increased to a peak, whereas the expression patterns of other genes were irregular; moreover, this pattern of mRNA expression was highly consistent with the pattern of T secretion, suggesting that CYP17 was closely correlated with genital growth. Furthermore, the immunohistochemistry results showed that the protein pattern of CYP17 was highly consistent with the mRNA expression pattern and also the T secretion pattern. Thus, CYP17 likely plays a key role in genital growth in geese.
In a previous study, a larger body mass index was associated with a lower level of androgen (Zumoff et al., 1990; Isidori et al., 1999) . The accumulation of excess adipose in the body can explain this correlation, because androgen will be converted into estrogen, which suppresses androgen secretion through the hypophysialgonadal axis (Zumoff et al., 1990) . Moreover, a previous study in chicken also showed that serum T levels were negatively correlated with abdominal fat accumulation in male chickens (Duan et al., 2013) . However, in this study, as the genital length increased, the body weight increased significantly, which is a finding that is apparently not consistent with a previous report. However, this result can be explained because the maximal value of the Tianfu meat goose body weight was 4.94 kg, which is lower than the reported value by Jiwen Wang (Jiwen, 2001) . Thus, because the accumulation of body adipose in all tested geese was not in excess, the secretion of androgen was not affected. Therefore, as these results suggest, when a goose is not overweight, a heavier body is correlated with longer genitals.
In summary, all the geese in this study had welldeveloped external genitalia, although the genitals were of different lengths. The level of T was found to be positively correlated to the length of goose genitals, while the CYP17 gene, which plays an important role in T synthesis, also was positively correlated to the length of goose genitals. Thus, CYP17 plays a key role in genital growth of geese. Additionally, goose genital length was also positively correlated with body weight. To the best of our knowledge, this study was the first to investigate the influence of goose body size and hormone level on genital growth and was also the first to explore the actual regulatory mechanism for the growth of male goose external genitalia.
